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Abstract: 

Karner blue butterfly (Lycaeides melissa samuelis) populations have declined by more than 95% throughout their historic range.  This dramatic decline has triggered their listing as a state and federal endangered species by 1992.  During the past 20 years population declines have largely been associated with the loss of suitable habitat and their obligate larval host plant, the wild blue lupine (Lupinus perennis).  Significant efforts to recover the species have been initiated, recently focusing on habitat improvement through lupine reintroduction.  While lupine reintroduction efforts have primarily relied on local genotypes, there is growing interest in expanding the geographic range of the seed source.  This has led to some substantial questions surrounding the role of genetics in determining the most appropriate road to recovery.   Should recovery efforts direct scarce resources towards increasing the genetic diversity of the host plant in hopes of enhancing reintroduction efforts, or avoid this route which risks further threatening both the host plant (via outbreeding depression) and the butterfly (via reduced fitness due to changing host plant quality)? This research project aims at gathering range-wide genetic information that will provide guidance to answering this urgent and pressing conservation question that lies at the heart of successful species recovery of the Karner blue butterfly.  

Introduction: 

The Karner blue butterfly (KBB, Lycaeides melissa samuelis G5T2, S1S2; New York Natural Heritage Program – Biological and Conservation Data System, 1999) is endangered under provisions of the federal Endangered Species Act and New York State Environmental Conservation Law.  During the past 20 years Karner blues have declined by more than 95% throughout their range; they have been extirpated from Ontario, Ohio, Illinois, Massachusetts, and Pennsylvania, and nearly so in New Hampshire.  This decline is largely associated with the decline in their habitat and their obligate larval host plant, wild blue lupine (Lupinus perennis).  

New York State (NYS) represents the eastern stronghold for the Karner blue butterfly (KBB), with all extant NYS populations located within the Glacial Lake Albany Federal KBB Recovery Unit.  Glacial Lake Albany supports the largest range-wide population of Karner blues at “Saratoga West” (Saratoga County Airport), while the Saratoga Sandplain (Wilton Wildlife Preserve & Park) currently supports what is believed to be the most “naturally functional” population structure of Karner blues in the State, and the Albany Pine Bush Preserve represents the “home” of the Karner blue.  None of these populations, however, can be considered viable, based on criteria from the NYS KBB Recovery Team.  Understanding the range-wide genetic differentiation inherent in its obligate larval host plant, wild blue lupine, will significantly benefit the recovery of the Karner blue.

Efforts to recover the Karner blue in Glacial Lake Albany have progressed, most notably with the protection of thousands of acres throughout the federal Recovery Unit and the successful expansion and creation of new Karner blue habitat in the Albany Pine Bush Preserve.  Habitat restoration has focused on extensive planting of locally-derived native lupine, adult butterfly nectar plants and native grasses.  As habitat restoration efforts expand throughout the Karner blue butterfly’s range, the pressure to import lupine from non-local sources has increased. Commercial growers, for example, have been asked to segregate seeds collected from different geographic zones to avoid mixing material.  The specific ramifications of introducing non-local host plant germplasm in endangered species habitat recovery efforts are poorly understood.  An evaluation of the genetic diversity of wild blue lupine throughout its range is prudent to making informed restoration management decisions that determine if introducing non-local genotypes is necessary or prudent.  

This project proposes to determine the extent of the genetic differentiation between populations of wild blue lupine, throughout the lupine’s range, to answer several questions that will be critical to aiding land managers with improving and expanding existing Karner habitat.  First, the success of lupine restoration efforts has been mixed.  This has led to concerns that seed source may highly impact reintroduction success.  Perhaps of greater concern is the possibility that populations of KBB may have recently diverged to match subtle geographic variations in host plant populations.  In the worst case, moving blue lupine seeds among disparate populations could threaten both the plant (via outbreeding depression) and the butterfly (via reduced fitness due to changing host plant quality).  On the other hand, genetic diversity would be potentially enhanced by mixing seeds among populations.  This poses a dilemma: risk declining gene pools by restoring lupine populations with locally sampled seed, or risk a loss of adaptive gene complexes critical for lupine population persistence (Ellstrand and Elam 1993, Lesica and Allendorf 1999)

Rationale:

Habitat protection and restoration are key to the preservation of rare species.  The Karner blue butterfly owes its decline to loss and fragmentation of habitat, through land use change and suppression of natural disturbance regimes (Wisconsin DNR 2000).  The wild blue lupine thrives in open, disturbed, nutrient-poor landscapes, many of which have been reduced or lost.  Conservation of this species will require the active management and restoration of the habitat upon which it depends.  In New York State, for example, wild lupine decline has been the most important factor limiting KBB population size and viability (Givnish et al. 1988, Zaremba and Pickering 1994), and current preservation efforts include the propagation and planting of locally collected seeds (e.g., the Albany Pine Bush Preserve; N. Gifford, pers. com.)  Surveys of lupine throughout its northern range (which defines the North American range of the KBB) report populations to be declining, and many sites have been extirpated (Wisconsin DNR 2000).  The principle management tools available have been prescribed burning and/or reintroduction of blue lupine; reintroduction usually requires off-site propagation (Baker 1994).

Wild plant populations typically exhibit genetic differentiation in response to environmental variation (ecotypic differentiation) across the range of a species (Barbour et al.  1998).  Plants with large geographic ranges often develop locally adapted populations that are genetically distinct, and that genetic divergence between ecotypes is adaptive.  The environmental variables eliciting population divergence typically include temperature and moisture regimes and edaphic conditions (Silvertown and Lovett-Doust 1993).  At present, there is no evidence to support ecotypic differentiation among wild lupine populations, but there are reasons to suspect extensive differentiation.  The historic distribution of lupine is broad, extending from Minnesota and southern Ontario east to Maine, and south along the Atlantic Coastal Plain to the Gulf States.  The historic range of the Karner blue butterfly overlaps much of the range of lupine north of the 41st parallel (Dirig 1994).  The western part of the range is subject to strongly continental climate, including greater annual variations in temperature and precipitation and lower annual precipitation than the eastern populations which grow in coastal climate zones.   

On the other hand, small, fragmented populations face losses of genetic diversity through the processes of genetic drift and inbreeding (Ellstrand and Elam 1993).  Genetic drift may lead to the loss of rare alleles, a loss of heterozygosity, and an increase in differentiation among populations.  Inbreeding increases homozygosity and may result in inbreeding depression in normally outcrossing species such as wild lupine.  Preliminary work (Cartwright and Michaels 1997) suggests that smaller lupine populations may have lower reproductive success and morphological diversity than larger populations, and at least part of that reduction in fitness may be attributable to reduced levels of genetic variation.  Research is ongoing to attempt to determine how genetic and demographic factors vary between existing blue lupine populations of different sizes (Michaels and Mitchell 1999).

The objective of this study, is to measure the amount and patterns of distribution of genetic diversity in naturally occurring populations of wild lupine over multiple geographic scales.  Samples from naturally occurring populations will also be compared to samples from  commercial seed companies.  The results of this study will help to define the extent and potential sources of genetic differentiation in blue lupine, and thereby contribute to defining appropriate seed sources for planting and appropriate spatial scales for seed transfer.  Furthermore, efforts to preserve the Karner blue butterfly will be enhanced by a more complete understanding of the biology of its obligate larval host plant. 

Working Hypotheses:

This study will address the following hypotheses:

1. Because of lack of gene flow due to habitat fragmentation, blue lupine populations diverge genetically.

a. Random samples from different populations will differ in multilocus genotype frequencies.

b. Allelic diversity and heterozygosity will be lower within than among populations.

2. Geographically based variability in the genetic structure of wild lupine populations will be detectable.

a. There will be an inverse relationship between geographic distance and genetic similarity of naturally occurring populations of wild lupine.

b. Regional structuring of differences between populations will be detected, with clustering proceeding from closer to more distant sites, revealing North to South or East to West trends.

3. Stocks of lupine from commercial sources (seed companies and nurseries) will differ from natural populations in the observed degree and pattern of genetic variability.

a. Collections from different commercial sources will differ from one another.

b. Collections will most closely resemble the native populations of their geographic source.

c. Collections will contain only a subset of the variability of their source region.

Methods:

This project will occur in four stages:

1. Collection of samples from wild lupine populations and seed company/nursery stocks.

2. Development of genetic profiles of individual samples by examining multiple neutral genetic markers.

3. Statistical analyses of data to determine patterns of variability within and between populations.

4. Recommendations on appropriate sources of blue lupine for Karner Blue butterfly habitat restoration.

Sampling:
A nested sampling design (Figure 1) is proposed to achieve the goal of randomly sampling lupine populations from multiple sites that encompass the wide geographic range and associated habitat variation of the wild lupine.

Sampling of wild populations will entail the collection of single seed pods from individual plants in the field.  Collaboration with other researchers will be essential for obtaining adequate samples from wild lupine populations in other geographic regions.  (A sample collecting form is reproduced in Appendix 1).  Seeds will also be purchased from commercial suppliers.  We expect to examine at least 35 populations preliminarily assigned to five categories: geographically distant, regional (within New England), proximal (Albany and Saratoga Counties), local (Pine Bush), and commercial seed samples. Sampling will be more intensive in the Pine Bush and in a proximal population (in Saratoga County) aiming to investigate multilocus genotypic structure suggesting local adaptation.

Genetic Profiling:
Seeds will be germinated in the laboratory and the seedlings will be processed for isozyme analysis using starch gel electrophoresis (Wendel and Weeden 1989).  This technique remains a standard for assessing large samples with uncertain levels of polymorphism (Berg and Hamrick 1997).  Genetic interpretations of banding patterns have been well developed, and standard statistical methods are available for analyzing geographic patterns of differentiation.  Previous studies of other lupine species support the use of this technique (Babbel and Selander 1974, Wolko and Weeden 1989, Liston et al. 1995, Kittleson and Maron 2000).  Drawing from these previous studies, the appropriate isozyme systems will be empirically determined in an initial screening phase of the project.

Sample sizes consisting of 30 individuals per population will be surveyed at 10 isozyme systems to determine the genetic diversity of the seed collection and to verify how this diversity is partitioned within and among populations (Berg and Hamrick 1997). One seed per pod (and thus per parent plant) from the wild collected specimens will be germinated and analyzed.  Individual seeds will be randomly selected from those seeds purchased from commercial sources.

Statistical Analysis:
Measures of genetic diversity will include the percentage polymorphic loci (P), the average (As) and the effective (Ae) number of alleles per locus, expected (He) and observed (Ho) heterozygosity, partitioning of the total heterozygosity (HT), inbreeding estimates (F), and genetic distances between populations.  The Pine Bush and Saratoga populations will be further examined for linkage disequilibrium as an indicator of multilocus genotypic structure (Hartl and Clark 1997).  Such kind of structure could reveal local adaptation, possibly supported by differential clonal growth.  Lupine patches and sampled plants will be mapped in the Pine Bush and Saratoga populations.  The components of heterozygosity will tell whether the genetic diversity is primarily sequestered within or among populations.  If most of the variation is observed among populations, that would be strong evidence for differentiation.  Using cluster analysis based on genetic distances between population pairs, I will test for geographic patterns.

Developing recommendations
Genetic diversity and differentiation can be used to assess potential costs and benefits of different seed mixing strategies.  Blue lupine population enhancement is currently conducted with available seeds, not always from local sources, although the direction is increasing toward cultivation of locally-collected seeds.  If large-scale geographic differentiation is evident, the first recommendation would be to continue efforts to repopulate KBB habitat with locally-collected lupine seeds.  If geographic differentiation is also detected at small scales, the previous recommendation would be restricted to relatively narrow collection zones.  On the other hand, if most genetic variation is found among populations (i.e., each population is a limited subset of a larger shared gene pool), we would suggest that there may be benefits to at least a limited amount of seed mixing.  In addition, the extent to which samples of commercial seeds offer a representative sample of the broader (regional) gene pool will lead to recommendations on the usefulness of commercial seed for the long-term survival of restored lupine populations and the Karner blue butterfly. 

Project Significance:

The immediate significance will be a better-informed restoration program for the Karner blue butterfly.  The short-term prospects for this endangered species remain uncertain, and every effort should be made to promote habitat restoration.  This diminuitive creature has played an important role in the literature of conservation (Wilson 1992), and it serves as an umbrella species for a number of protected natural areas.  For the longer term, an understanding of the distribution of genetic diversity in blue lupine will be valuable for planning and management in an increasingly fragmented landscape.  The more general problem of protecting monophagous insects will increasingly rest on our ability to protect and enhance host plant populations, and this study will help prepare the way for future work.  Finally, if the science of ecological restoration is to grow to match the needs of wildlife management, we will increasingly need to apply the tools of ecological genetics.
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Personnel and Facilities

George R. Robinson is an Associate Professor in the Biology Department at the University at Albany, Albany NY.  He has a rich experience with ecological restoration using native species.  His research includes the effect of habitat fragmentation upon biological diversity and species interactions and the influence of invasive species upon ecosystem dynamics.  George and his students have been conducting fieldwork in the Albany Pine Bush since 1994, aimed at the recovery of its original vegetation.  

Ingrid Peters Robinson is an Adjunct Professor in the Biology Department at the University at Albany.  Her area of expertise is in plant population structure and mating systems, the analysis of genetic diversity, and isozyme techniques. Her research focuses on strategies for the conservation of plant genetic resources.

Heather M. McCue is a graduate student in the Biodiversity, Conservation, and Policy program in the Biology Department at the University at Albany.  She has more than ten years of research laboratory experience, including fundamental techniques necessary for the completion of this project.  This project will be the basis of her thesis, and the results will be submitted for publication to peer reviewed journals.

George Robinson has a laboratory equipped for isozyme analysis at the University.

The Eastern New York Chapter of the Nature Conservancy and the Albany Pine Bush Preserve have expressed interest in this project and have offered to collaborate in the collection of seeds.
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Lupine (Lupinus Perennis) Genetic Diversity Project

Seed Pod Collection

Heather McCue

(518)437-3608  heather_mccue@hotmail.com

Biology Department,  University at Albany

1400 Washington Ave.

Albany, NY 12222

Seed Pod Collection Protocol:

 Collect mature pods from 30 to 50 plants.

 Collect 1 or 2 pods per plant, to yield 5-6 seeds.

 Plants spaced >1m apart, ideally 5m apart.

 Collect across entire patch.

 Package pods from each plant in separate envelopes.

 Return envelopes in return mailer with this data sheet.

Site:____________________________________________

Date:___________________

Collected by:__________________________________________________________________

Contact info (phone, email):_______________________________________________________

Size:

Estimated lupine population size:



Estimated area occupied by lupine:


____0-100 plants





____<100m2

____100-1000 plants





____100m2-1000m2

____>1000 plants





____1000m2-5000m2

____>5000m2 (0.5 ha)

Distribution of Lupine:


____Uniform


____Patchy:  Estimated # of patches ___________

Distance to nearest adjacent lupine population


____within 1 km


____within 10 km


____unknown

Condition:

Status of lupine patch:


____Stable


____Increasing in size


____Decreasing in size

If decreasing in size, factors threatening status:


____Hebivory (eg deer)


____Invasive species


____Fire suppression


____Development (habitat loss or fragmentation)


____Other, please specify___________________________________________________

Management:

Site receiving/ed active management?

Yes


No

Current Management




Past Management


____Planted





____Planted


____Mown





____Mown


____Fire





____Fire


____Other_______________



____Other_______________

If planted, source of plants/seeds:___________________________________

Contact person for planting information:_____________________________________________

Contact info (phone, email):_______________________________________________________

Karner Blue Butterfly Present:


Currently:    Yes     No     Unknown


Historically:    Yes     No     Unknown

Landscape context:

GPS or USGS coordinates of lupine patch:___________________________________________


or local landmark:_________________________________________________________

Topography:


____Slope ___________%


____Ridge


____Valley


____Other____________

Associated Ecosystem Type:


____Barrens



____Successional woodland


____Savannah



____Grassland


____Scrub



____Prairie


____Other___________________


Soil:


General Category:____________________________



pH:    acidic     neutral     alkaline


Depth of A horizon:__________________________



Specific classification:________________________


Best contact person for site information:_____________________________________________

Contact info (phone, email):_______________________________________________________

Please attach a site map if available.

Are there any known publications regarding this site with information on the lupine population or the Karner Blue butterfly?  If so, please list.

Is research currently being conducted at this site?  If so, please describe briefly and provide contact information.
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